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1.0 SUMMARY

This final technical report describes the research findings of the project Simulation Modeling and
Statistical Network Tools for Improving Collaboration in Military Logistics contracted with the
US Air Force in response to BAA 07-04-HE. The research was carried out by Ronald Giachetti
and Marcus Perry of Florida International University in Miami FL and Jose Rojas-Villafana of
Turabo University in Puerto Rico. This report contains an overview of the research problem we
addressed and a description of the team coordination model, an agent-based simulation model.

The research project made the following contributions: (1) it created an agent-based simulation
model that can be used to model and study human interaction and performance in various job
scenarios; (2) the research advanced the analysis of social networks using statistical techniques.
Additionally, the research supported two graduate students, one of which is earning his PhD in
this area.



2.0 BACKGROUND AND PROBLEM

Military work environments, as exemplified by the logistics process, are highly distributed,
complex, and dynamic, which places tremendous information requirements on the individuals
who need to work in these environments. For example, providing logistical support to an
evolving battlefield depends on countless, highly interdependent decisions by hundreds or
thousands of individuals, from senior officers to civilian workers, spread geographically among
field command centers, foreign and United States bases, and civilian operated warehouses
(Lyons et al., 2006). To succeed, the individuals in the logistics process must work together or
be integrated so that the differentiated organizational units are brought together for effective
operation of the overall logistics process. In other words, collaboration, teamwork, and
cooperation are needed whether achieved through organizational means (e.g., team training,
social norms, etc.) or through technology (e.g., groupware systems, email, collaborative work
systems, etc.).

Collaboration is when two or more individuals share information and knowledge toward
achieving a common goal (McQuay, 2004) or complementary goals (Goldman et al., 1977).
There are different types of collaboration. In formal teams, collaboration is called teamwork and
is an essential characteristic of teams (McNeese, 1998; Paris et al., 2000). Here we define a team
as a group of people “with different tasks who work together adaptively to achieve specified and
shared goals.” These authors point out that the interdependence between team members’ tasks
and the requirements for coordination differentiate a team from simply being a group of people
working together. Teams are an alternative to perform a task that cannot be completed
effectively by a single individual or by the aggregated independent efforts of a group of
individuals (Marks, 2000).

Teams use a blend of implicit and explicit coordination to work together (Wang et al., 2001).
Implicit coordination occurs when a team member takes actions or decisions that affect the team
or other team members activities based on situational information. Implicit coordination
depends on team members having precise mental models about the team’s goals, current
situation and other members’ needs. Explicit coordination occurs through communication
between team members. Communication provides team members with information about other
members’ needs and the team’s current situation.

The growing relevance and importance of teams to organizations has encouraged researchers in
diverse fields to start paying an increasing amount of attention to team performance since the
1980’s (Baker & Salas, 1997), and to the characteristics and processes that contribute to it
(Marks, 2000). Stewart (2006) concludes that teams can be designed for high performance and
design factors exist for the design of team composition, task structure, and organization context.
Salas et al., (Salas et al., 2005) provide an extensive list of factors required to modeling and
design teams.

The design factors have been defined and understood through traditional research methods using
human subjects, such as case studies and controlled laboratory experiments. Nonetheless, there
is limitation to the traditional research methods using human subjects to being used to design and
to further advance the research on team performance. To further the study of team coordination
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and team performance, experimental methods or tools should be developed to overcome the
limitations of case studies, survey assessments, or laboratory studies to analyze a large number of
factors, at large range of levels, for different types of teams.

One alternative to develop and test theories on team coordination and performance is the
development of computational models. As discussed and exemplified in Burton & Obel (1995),
computational models have been used for decades to test hypotheses, explore organizational
processes, and for the study of theoretical and practical issues. These authors argue that validity
of computational models in organization science is a function of the purpose of the study, the
experimental design, and the computational model. However, up to a decade ago, there was
limited use of computers as tools in the design of social aspects of organizations (Jin et al.,
1995). Computational models have the potential “to move theories of organization beyond
empirical description to generative formalizations” (Carley, 1995). Wang et al., (2001) asserted
that the study of teams’ coordination issues will be benefited by combining various discipline
perspectives through modeling and empirically studies.

Simulation models provide many advantages as a tool to conduct studies about teams and
organizations. A simulation model allows a precise implementation of social sciences theory,
and allows a precise and testable representation of conceptual entities with their functions,
structure, and behaviors (Kunz et al., 1998). Researchers using simulation models can measure
and test with precision some variables while controlling other factors and can test a wide range
of organizational variables (Kim & Burton, 2003), overcoming the limitations of controlled
laboratory studies with human subjects. Furthermore, for highly complex systems, such as
teams, computer simulation is the only viable method for system analysis and evaluation
(Clymer, 1992).

Beyond the need to have a computational tool to further the study of teams, is the need of having
a computational tool to design teams. Carley (1995) pointed that organizational design is one the
most relevant issues within an organization because changing its design allows organizations to
adapt to its task environment and alter its performance. This author also pointed out that
computational models are particularly useful to evaluate organizational design alternatives.

The use of organizational simulation to model team performance is becoming “increasingly
important,” but the field is still in its infancy (Salas et al., 2005). Salas et al., (2005) points out
that there is a need for better simulation tools that capture the complexities of team performance.
These tools should be “fluid, flexible, and adaptable” and should capture realistic team
performance.

The reason for selecting an agent-based architecture for the simulation model is the close
correspondence to how we view team composition and team processes. Teams are composed of
members, each with different skills, knowledge, and motivations. Team members act
autonomously and must coordinate their work with the work of other team members.
Coordination is primarily via communication between members. The agent-based simulation
allows the implementation of this view by the modeling of each team member as an autonomous
agent and the agents coordinate by sending/receiving messages.



2.1 Organization of Report

The report is organized as follows. Section 3 describes the simulation model. We describe the
team member agents, mission agents, how communication is handled, and how tasks are
processed. Section 4 briefly describes the simulation architecture. Section 5 summarizes the
main contributions of the simulation model. Section 6 explains how to create a simulation model
using the software. Specifically, it describes how to create a team and create a job or mission.
Section 7 explains how to enter data into the simulation model. Section 8 describes the
simulation parameters and explains how to set them. Section 9 describes how to run the
simulation model.



3.0 SIMULATION MODEL

To study collaboration and teamwork, we developed an agent-based simulation model called the
Team Coordination Model (TCM). The simulation is built using the agent infrastructure
CybelePro written in Java. In CybelePro, agents are defined as, “a group of event-driven
activities that share data, thread, and execution concurrency structure.” Activities are internal to
the agent, and act on internal data in response to incoming events. Other agents are incapable of
accessing or manipulating the internal data, which reinforces the notion of agent autonomy. In
CybelePro, agents generate and deliver events that may or may not, trigger the desired response
in other agents of the multi-agent simulation.

The TCM can emulate teams who are assigned a job or mission (Figure 1). This is reflective of
many military scenarios where teams are goal-oriented and have a defined mission. The mission
is modeled as a network of tasks. Each individual task is performed by a single team member.
In the execution of the mission, the team members will communicate with each other to
coordinate their work. Each mission has well-defined termination criteria, which when met ends
the simulation.

Communicate

TEAM

—=_Executes

——Completes=== ( tasks  \ission (-

’ / N N
S ( Task A ) N
’ AN e A,
S \

7 T \
/ \
/ \
/ e -t \
- -
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Jjos/ 7

Task C

\
\, Communicate
N

Communicate
-

Execut

Figure 1: Representation of the System Model

3.1
Each team member is modeled as an autonomous agent consisting of three activities:

Team Members

1. Task Processing Activity — Handles the processing of the assigned mission tasks. This
includes performing a task, momentarily stopping a task due to an interruption,
preempting a task, and reworking a task if an error or failure occurs.

2. Decision-Making Activity — Orders the assigned tasks for execution. Decides whether to
start/end a task. Determines task assignment based on the shared mental model.

3. Coordination Activity — Handles the communication with other team members.

A central component of the simulation is the concept of a shared mental model. A shared mental
model (SMM) is a theoretical concept that provides an explanation of how effective teams are
able to anticipate other team member’s needs and utilize a push type of communication whereby
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the team member sends unsolicited information assuming the receiver will need this information.
The premise of a SMM is that individuals form a mental construct about their roles or
responsibilities in the team and the roles of their team members. In other words, individuals
formulate plans on how to execute the team mission.

There are two possible mission scenarios under which a mission may start. The first scenario is
when a pre-defined task assignment plan exists, called a Task Organization Mechanism. In this
scenario, the task assignment is given by the plan. The second scenario is when there is no plan
and part of the team mission is to formulate a plan. It is in this scenario that the SMM plays a
major role. When no task organization mechanism is available, individuals will form their
mental plans based according to two rules:

1. Assign a task to the team member that is best qualified according to the match between the
task’s required skills and the team member’s skills.
2. Distribute the task assignment as evenly as possible.

The first rule assumes that a good task assignment is formed by best meeting individual task
requirements. The second assignment recognizes that overall performance is improved if the
division of work is more even. It is clear that this heuristic approach will not lead to an optimal
task assignment, but the purpose is to emulate how people make mental assessments of task
assignment. The simulation model developed an algorithm to implement the rules and arrive at a
task assignment.

In the model, the SMM is implemented by manipulating two probabilities. First, is the
probability of agreement between team members of task assignments. Each team member creates
a mental model of which team member should be assigned to each task. The presence of a strong
SMM leads to greater agreement among team members on task assignment. Second, is the
probability of unsolicited information being sent by one team member to another — one of the
observed behaviors of teams with a strong SMM.

3.2 Team Organization

A team can be organized into a hierarchy defined by a ‘reports to’ relationship. In this
relationship, each team member has a supervisor. The team leader is the member at the top of
the hierarchy. Supervisors resolve task assignment conflicts, can assign task priority, and can
over-ride team member decisions.

The level of organizational centralization will have an impact on the process of dividing the job’s
tasks among team members. In an organization with a high level of centralization, it will be
most likely for team members to consult or confirm with the team leader the tasks they should
perform, and it will be less likely they object their assignments when they differ. On the other
hand, in low centralization organizations, team members will rely more on their mental models
for decisions on their task assignments.

3.3 Mission

A mission is defined as a collection of related work tasks with a defined completion state such as
the generation of a certain output. Thus, we exclude modeling such missions that have unclear
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outcome objectives. A mission is modeled as a network of tasks similar to a program evaluation
and review technique (PERT) network. The network nodes represent the tasks and the arcs
connecting the nodes represent the task dependencies. The network representation is intended to
model a mission as a collection of partially ordered tasks. To model the mission the modeler
needs to define the tasks and the dependencies.

3.3.1 Task Definition

Tasks are represented with the attributes shown in Table 1. The task duration is modeled as a
triangular distribution. The triangular distribution is used because it is easy to implement and
frequently there is insufficient data to fit to other probability distributions. The triangular
distribution only requires the modeler to estimate the minimum, the most likely, and the
maximum duration for the task. Future extensions to the model can allow for greater flexibility
in modeling task duration without affecting other aspects of the model.

Table 1: Attributes that Define a Task

Attributes Description / Values

Task ID Identifier of the task

Complexity Cognitive demand on team members

Duration Defined as a triangular distribution (min, most likely, max)
Priority Indicate the recommended order in which a task should be

performed related to the other tasks in the job.
Assigned Agent | Team member r ecommended or a ssigned to p erform t he

Task
Skills Set of skills required to perform the tasks adequately
Visibility Indicates if team members can perceive the status of this

task fromt he environment, v isually or through a nother
sense, without the need to receive communication from the
agent working it.

A task may require one or more skills for performance. The modeler may define any skill
needed to perform the task. Team members are modeled as possessing skills at one of three
levels of high, medium, and low. The match between the team member’s possession of a skill
and the task requirement for a skill affects two aspects of task performance: (1) the duration of
the task, and (2) the probability of task failure. For example, if a task is specified to require the
skill Navigation and the performing team member possess the Navigation skill at a low level,
then it will take longer to execute the task, and the probability of task failure is greater. Exactly
how the mis-match affects task performance is set by the modeler as a Simulation Control
parameter discussed later in the report.

The output of a task may be visible for other team members besides the team member
performing the task. If a task or its output is visible, the need for communication is reduced.
However, if a task is not visible then there is a communication need for the performing team
member to alert others as to the status of the task.



3.3.2 Dependency Definition

The modeling of dependencies between tasks is critical to the modeling of collaboration in a
team. Without dependencies there would be little need for collaboration. Table 2 shows all the
possible dependencies between tasks. The first four dependencies are deterministic, meaning
there is no uncertainty or probabilistic characteristics to the dependency. The Controlled
Sequential dependency is a pre-requisite dependency that says Task A is a predecessor of Task
B. The Information Sequential is similar, except the dependency is represented by information
(a ‘document’) that must be received by Task B to begin processing. The Reciprocal
dependency says that Task A and Task B may be done in parallel, but they share information
during their execution. The Information Merge dependency is a sequential dependency but Task
C depends on two or more predecessor tasks.

The latter two dependencies shown in Table 2 are conditional dependencies. In these
dependencies uncertainty is introduced by the probability associated with the condition. In the
Single-Conditional Control dependency, Task B is only done if the condition is satisfied. This
establishes an “IF condition THEN do Task B” logic. The condition would likely be an external
environmental event that the modelers can assign a probability to. For example, if modeling a
fire fighting team, the condition might be whether there is high wind. In this case, Task B is only
performed if high wind is present. There may be multiple possible tasks dependent on the
condition; this is shown as the last dependency in Table 2.

Table 2: Type of Interdependencies included in the Model

Dependency Dependency Diagram
Control Sequential Task Task
A > B
Information Sequential Task Task
—>
B[] °
Reciprocal Task Task

1 Document
Information ook L/J
Merge A

Task
Cc

Task

Single-Conditiopal Task | | vope| | Task
Control sequential R e
Conditional Task
Control Sequential M| B

0.3
Task @
m ...____..4"'."<<
07\
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It is possible that the mission structure is constructed entirely of deterministic dependencies, in
which case every simulation of the mission will follow the same path in the network. The only
uncertainty is the task durations and the task failures. If the mission structure includes the
conditional dependencies, then it is possible that each simulation is different depending on the
random behavior of the conditions. In summary, there are three types of mission uncertainty that
affect mission performance. These are: (1) task duration, (2) task failure, and (3) conditional
task execution. The representation of this uncertainty is needed to model the environmental
uncertainty found in actual mission scenarios.

3.4 Task Execution

A task is modeled as a state machine that transitions between the states shown in Figure 2. The
initial state is Hold, which describes a task for which predecessor tasks as defined by the network
of dependencies are not yet completed. Once all the predecessor tasks and information inputs are
available the task state transitions to Pending, meaning it ready to be executed by a team
member. When a team member starts work on the task it transitions to On Process. Note that a
task may cycle back and forth between Pending and On Process if the team member allocates
their attention elsewhere; for example if the team member switches to another task. Once the
task duration is reached the task transitions to Done. If the task fails during execution, then it
requires rework and transitions to the state Pending Rework. When the rework is completed, the
task transitions back to On Process. The Not Required state is reached in conditional
probabilities where the condition is not met and the task is consequently not required as part of
the mission. A task is complete when it reaches either the Not Required or Done absorbing
states.

Predecessor

Conditions 8
Will not be
met
Simulation Rework
Start Hold Starts

All Pending

Predecessor Rework
Conditions are

met
Pendmg Team Member

Starts
Processing the task

Error Task
Oceur Process
ends

Task
Preempted

Figure 2: State Diagram for Task Execution

3.5 Simulation Flow

Figure 3 shows the simulation flow of events. The environment agent releases the mission (or
job) to all the team member agents. Each team member forms a mental model of the mission as
described in Section 3.1. Once the task assignment is resolved, the tasks are placed in the task



list of each team member. The team member uses his decision logic to select a task to begin
execution on. If no tasks are ready for processing, then the team member must wait.

Figure 3: Flow of Task Processing Events

During the task processing, the team member agent may receive communications from other
team members. These messages interrupt the task execution. The team member agent pauses
task execution, attends to the message, and then resumes task execution based on the priority of
the message. Also, during the execution of the task, an agent could make a mistake that requires
the task to be reworked. A task to be reworked is return to the Task List in the Task Controller
object.

Once a task is complete, the agent sends a message notifying the completion event to other team
members. The decision to send the notification to all team members or to only those with
successors is made according to the simulation logic. If the agent decides to send the
notification to every team member, then it will increase the communication overhead. On the
other hand, if the agent sends the notification only to team members with successor tasks,

this might cause problems because the task assignment might change and the actual agent
assigned the successor task would not then receive the message.

The Task Data object of a completed task is transferred back to the job activity object in the
Environment agent. Once the team member agent successfully completes the task, he will start
the next task in his list and the above process is repeated until no more tasks are in the Pending
state. If an agent does not have a task to process, it will remain idle but continue to receive
messages and update task information. If a task reaches a Not Required status, the team member
agents also sends the Task Data object back to the Environment agent. The simulation ends
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when all the Job objects in the Environment Agent receive all of their task data objects back
from the team.

3.6 Simulation Control and Statistics Reporter

The Simulation Controller Agent controls the creation of the rest of the agents and controls the
start and end of each simulation replication. The Statistic Reporter agent collects the statistics
from the other agents and prepares the report of each replication.

3.7 Communication

Throughout the mission, the team members communicate with each other. Figure 4 shows a
taxonomy of communication events. A communication event is either asynchronous or
synchronous and is tied to the media type used. For example, an e-mail is asynchronous while a
telephone message is synchronous. Each communication event is classified by its intent, content,
and message. The communication intent indicates the purpose of the message: to transfer,
request, or acknowledge information. The communication content refers to the type of message
to be transferred or requested. The content can be information, a decision, or an action. The
message specifies the information, decision, or action of the communication event. The
combination of intent, content and message defines the actions taken by the receiver to process
the event.

Figure 4: Taxonomy of Communications Events
The defined communication events between team members are:

e Task Status — These messages are triggered when a team member completes the
execution of a task or when a team member requests the status of a task. The
owner of the task will send a message to those team members that are in charge of
executing the successor tasks to notify about the status of the predecessor task. If
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the dependency type between tasks is information sequential and the status of the
predecessor task is Done, then the message contains the information document.
Request Information/Status about Task — These messages are triggered when a
team member cannot perform any of his tasks because they are all in the Hold
state. In this case, the team member will select the highest priority task and sends
a request message to every team member that is assigned to the predecessor tasks.
The team member receiving this message will respond with one of the following
messages:
0 Task Status — If the receiver of the request has the task assigned.
0 Not My Task — If the receiver of the request does not have the task
assigned.

Communication Due to Reciprocal Dependencies — The model assumes that in
reciprocal dependencies, the information from the reciprocal task is needed at the
mid-point of a task execution. This assumption simplifies what is more likely,
several smaller communications that would normally occur throughout the task
execution. In implementation, a team member will send a message with the
reciprocal information to the team member assigned to the reciprocal task. If the
reciprocal information has been received, the team member continues the
execution of the task; otherwise he/she is blocked until the reciprocal information
is received (Figure 5). If a team member is blocked for a reciprocal task, he/she
sends a Request Task Status message to the team member assigned to the
reciprocal task.

Team Memberl Team Member 2

——

|
|
|
] st
1% Half 4!”/:;1’_a:(ag
Task A || Info Object i v
T L
i Info Object | =
B nd
2" Half iasﬁiag
Task A
. B

Figure 5: Implementation of Reciprocal Dependencies

Negotiation - A conflict emerges between two team members when both are (or
think they are) assigned to the same task. Team members employ negotiation to
resolve this conflict (Figure 6). The negotiation process starts when a team
member receives a notification from another team member that is starting a task.

12



If the receiver of the task recognize the task as one of the task he/she is suppose to
process, he/she will send a Negotiation Required message to the sender of the
notification. When the member processing the task receives this message, he/she
will evaluate who should keep the task, and returns a negotiation response. This
response could be one of the following messages:
0 Yield Task — the member who starts the negotiation will keep the task
assignment.
0 Claim Task — the member processing the task will keep the task
assignment.
0 Negotiation Tie — neither of the members wins the task over the other.
The team members will ask the team leader to solve the conflict.

Team Memberl

Team Member 2

l
|

| |
: Start of Task Notification :
|

Proigéing Verifies
i . . . Tasks to
atask Negotiation Required [conflict exist] Process
|
Evaluate I
Conflicts Negotiation Response :
|
Continues ﬁ
Processing I
) Task Process
[if keeps Task
task] [if keeps
task]

T
|
|
|
|
|

Figure 6: Negotiation Process between Team Members

This research assumes that the negotiation is solved using a simple set of rules. The team
member that keeps the task assignment is the one that can finish the processing of the task first.
Tie-breakers are solved using the seniority of the team members, the more experienced get the
task. If the tie continues after the first two rules are applied, then the conflict is solved by the
leader.

Leadership is a key component for the success of a team. The model requires that one of the
members be the team leader which performs the following tasks:

Make changes in assignments

Confirm a task assignment

Order a team member to report the status of a task

Resolve the conflict in assignments between team members
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The frequency the team leader performs these tasks depends on the centralization level of the
team. Since the leader depends on the communication with the rest of the team to perform
his/hers responsibilities, the centralization level increases the coordination load of the team. The
communications between team members and the team leader included in the model are:

e No Task To Process — A team member (sender) notify the leader that he/she are
idle because all of his/hers tasks are on “Hold” state or he/she have no tasks
assigned. The leader responds with one of the following messages:

(0}

(0}

Perform Task — If the leader finds a task assigned to the sender with a
“Pending” status (the sender might not have received a predecessor
information); OR otherwise, the leader finds a task with “Pending” status
which required skills are a good match with the skills of the sender.
Task Status- If the leader do not found a tasks with “Pending” status to
assigned to the sender, then he/she will reply with the status of every
predecessor task with a, “Done” or “Not Required” status, of the highest
priority task assigned to the sender. Also, the leader will send a Request
about Task message to every team member with a predecessor (of the
sender’s task) task assigned that has a “Hold” or “Pending” status.

No Task to Perform — The leader sends this message if he/she do not find
a task assigned or to assign to the sender.

e Confirm Assignment - When a team member is ready to start the execution of a
task, it might ask the leader to confirm if the task is the one he/she is suppose to
do. The probability of a member sending a confirmation message is influence by
the team centralization level. When the leader receives a confirmation message,
he/she will respond with one of the following messages:

o
(0]

(0]

Go Ahead — If the task is the one the team member is suppose to do next.
Perform this Task Instead - If the member is suppose to execute another
task instead

No Task to Perform — if the leader found no task for the member to
execute.

e Identify Owner — This message is send to the leader when a team member receives
a “Not My Task” message from a team member. The leader, after receiving the
“identify” message, founds out who is the owner of the task in question and
returns a “Task Owner” message.

e Assignment Conflict - When the leader receives this message from a team
member, he/she determines who of the two members involved in the conflict is
supposed to execute the task. Then, he/she sends a “Perform Task” message to
the member responsible for the task, and a “Drop Task” message to the other
member involved.

e Decide to Accept a Synchronous Communication Request — When a team member
receives a request from a team member to engage in a synchronous
communication, he/she might do one of three behaviors:

0 Accept the Request- If the team member is idle, performing a non-

urgent task, or preparing a low-priority asynchronous message, then the
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member will establish synchronous communication with the team
member requesting it.

Reject the Request- If the team member is performing an urgent task or
creating a high priority asynchronous message, then he will
communicate to the team member requesting the synchronous
communication that he rejects the request. Then the requesting team
member will save the message and might try to communicate later on.
Ignore the Request- If the team member is busy on another
synchronous communication, is performing a task, or working on an
asynchronous communication, the member can choose to ignore the
request and do nothing about it. The requesting team member will try
again to establish the communication.
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4.0 SIMULATION ARCHITECTURE

The simulation model is written in CybelePro and Java. CybelePro provides a ready framework
for developing agent-based simulations. Figure 7 shows the agents and how they are related.
Figure 8 shows that a team member agent is composed of three classes of coordinator, decision
making, and task processing. The coordinator activity manages all communication and
coordination work. The decision-making activity sets priorities such as which job task to do
first. The task-processing activity completes each task.

Figure 7: Team Coordination Model Application Architecture
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Figure 8: Composition of the Team Member Agent
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5.0 CONTRIBUTIONS

The main contribution of this research is the agent-based simulation model to analyze
collaboration in a team and the team’s performance. Several advanced in agent-based modeling
of teams and collaboration has been achieved. Existing simulations tend to have static mission
structures such that all the task dependencies are given. The agent-based simulation model can
also represent stochastic mission structures such that task execution is dependent on conditions
representing uncertainty in the environment. The inclusion of the conditional dependencies
gives rise to what we refer to as a dynamic job structure.
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6.0 DEFINING THE SCENARIO

This section describes the information required to define a scenario for the Team
Coordination Model simulation. The scenario is composed of the team definition and the
job environment definition.

6.1 Defining the Team Scenario

To define the team scenario you need to define the positions, skills, and team data. The
positions are the team members’ roles within the organization or within the team. The
skills are the ones required by the team members to perform the tasks of the jobs. Each
team member requires a proficiency rating on each skill. The rating is done in a high,
medium, or low scale.

The team data is composed of the team members’ data and the organizational parameters.

6.1.1 Organizational Parameters

1. Team Centralization- refers to the hierarchical level that has authority to make
decisions and then measure in high, medium or low.

a. High Centralization — almost every decision goes through the team
leader, team members ask the leader for task confirmation.

b. Medium Centralization — fewer decisions go through the team leader.

c. Low Centralization — team members seldom consult with the leader.

2. Team Formalization — refers to the degree of formal/ written communication and
documentation in the organization.

3. Task Assignment Plan — the team has some plan defined on how to perform the
job.

6.1.2 Team Members Data
1. Team Members ID — an identifier for the team member.
2. Members’ Supervisor — the team leader.

3. Experience with the Team — relative experience of the team member working
with the team or similar teams measured in high, medium, or low.

a. High Team Experience — the team member is very knowledgeable about
team processes and/or has worked on many previous occasions in similar
teams.
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b. Medium Team Experience — the team member is somewhat knowledgeable
about team processes and/or has worked once or twice before with similar
teams.

c. Low Team Experience — it is the first time the team member has worked
with a similar team.

4. Teamwork Skills — level of training and/or skill of the team member working
with teams in general, measured in a high, medium, or low scale.

6.2 Defining the Job Environment Scenario
The jobs are defined by the job general information, the tasks, and the dependencies.

6.2.1 Job General Information
1. Job Identifier — a name to identify the job.

2. Due Date (in minutes) — time to complete the job after the start.

3. Release Time — time to start the job after the start of the simulation. Usually
zero when just one job is included.

6.2.2 Defining Task Data
1. Task Identifier — a name to identify the task.

2. Task Complexity — refers to the degree of cognitive demand of task on team
members, measured as high, medium, or low.

a. High Complexity — the task requires a high degree of concentration and
the risk of committing a mistake is high.

b. Medium Complexity — the task requires a medium degree of concentration and
the risk of committing a mistake is medium.

c. Low Complexity — the task is fairly simple, and the risk of committing a
mistake is low.

3. Task Priority — relative order in which the tasks should be executed. For
example, if task A should be executed first it will have a priority of 1. If two tasks
can be executed simultaneously, they should have the same priority number.

4. Assigned Agent — team member that most likely will execute the task.

5. Task Outcome Visible — everybody from the team will be able to know when the
task is completed.
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6. Task Duration — duration distribution of the task defined as minimum, most
likely, and maximum duration.

7. Skills Requirements — skills required by team members to successfully perform
the task.

6.2.3 Defining Dependencies Data
There are six types of dependencies defined by the model. The six dependencies are:

1.

2.

Control Sequential — Requires only the predecessor and the successor tasks to
be defined.

Information Sequential — Requires the predecessor and the successor tasks to
be defined, as well as the information to be passed between them.

Reciprocal — The reciprocal dependencies occur when two tasks depend on
information from the other before they can be completed. Besides the two
tasks involved, this dependency requires the information documents to be
defined as well.

Single Conditional Sequential — This dependency is used when there is a task
that may or may not be performed depending on the result of a predecessor
task. This dependency requires the probability that the successor task will be
performed.

Conditional Sequential — This dependency is used when one of two or more
successor tasks will be performed depending on the result of a predecessor
task. This dependency requires the probabilities that each successor task will
be the one performed.

Merge - A merge dependency is based on a logical OR; in this dependency a
task can start when any of one or more predecessor tasks are completed.
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7.0 ENTERING THE SCENARIO

This section provides information on how to enter the information in the application to
create a scenario. To create the scenario, first you need to enter the team data and then
enter the jobs information.

7.1 Main Application Controls

The Initial Screen (Figure 9) has a graphic to depict the structure of the simulation model.
To continue to the main menu press the large button on the bottom.

I welceme 1o the Team Cosrdination Modei!

§ TEAM COORDINATION
MODEL

Task Dacision Gommunication
Processing Making Event
Activities Activithes

Task Processing
Event

-\‘___Tnl: Pfunllng/
Event

Continue to Main Menu

Figure 9: Initial Screen

The Main Menu (Figure 10) lets you navigate to the submenus to create the simulation
scenario. The recommended sequence is:

Define Team

Define Jobs

Random Behavior Parameters
Communication Parameters
Simulation Options

Run Simulation

A e
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|| Team Coordination Model Simulation | 5

File Edit Help

TEAM COORDINATION \ Define Scenario
MODEL
I
‘ DEFINE TEAM
|
‘ DEFINE JOBS
Team |
Member 2
'\__/' [l Use Default Team OR  [luse Default Scenario

Define Simulation Control Parameters |

‘ Run Simulation ‘

‘ Random Behavior Parameters

Simulation Options ‘ |

‘ Communication Parameters ‘

‘ EXIT ‘

Figure 10: Main Menu Form

For demonstration purposes, you can choose to use the default team or run the whole
default scenario by selecting the appropriate checkmarks.

7.2 Enter the Team Data

Enter the Team Data is shown in Figure 11. The team is defined in three panels of
controls:

1. Positions Panel
2. Job Skills Panel
3. Team Data Panel
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3 TEAM DATA

Positions Skills

Current Number of Positions E Current Number of Skills E
‘ Add Position ‘ | Use Default | | Add Skill ‘ ‘ Use Default ‘
‘ Delete List ‘ ‘ Display List ‘ | Delete List ‘ ‘ Display List ‘

Team Data
Current Team Size II’

Team Centralization HIGH |7}

Team Formalization HigH £

W Task Assignment Plan

Add New Team Member
Modify Team Members

Member

‘ USE CURRENT TEAM ‘ ‘ DISCARD & CLOSE FORM ‘

‘ LOAD TEAM ‘ ‘ SAVE TEAM ‘

Figure 11: Enter Team Data Form

7.2.1 Position Panel

The Positions panel contains the controls to define the positions or ranks of the team
members. It contains the following controls:

e Current Number of Positions counter — displays how many positions have
been already defined.

e Add Position button— opens the Enter New Position form to add positions
to the list.

e Use Default button — substitute the current list with a predefined set of
positions. Users can add new positions to the list after inserting the
defaults.

e Clear List button — this button erases all the positions currently in the list.

e Display List button- this button opens the Display Positions List form.
This form displays all the positions currently in the list with an associated
checkbox. The users can use the checkboxes to mark the positions that
they want to delete (if any) when pressing the Save Changes button of this
screen.
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7.2.2 Jobs SKkills Panel

The Job Skills panel contains the controls to define the set of skills required to perform
different tasks of the jobs or missions. The controls and processes of this panel are
analogous to those of the Positions panel.

7.2.3 Team Data Panel
The team is defined in the Team Data Panel. This panel contains the following controls:

Current Team Size indicator — displays the current number of team
members in the team.

Team Centralization Level selector- users select from a predefined list, the
level of Centralization of the team organization.

Team Formalization Level selector- users select from a predefined list, the
level of Formalization of the team organization.

Task Organization checkbox - if selected, indicates that the team uses a
form of explicit task organization mechanism to coordinate the job.

Add New Member button — opens the Team Member Data form to define
and add a new team member. The team members can be added just one at
a time.

Modify Team Members button — users can press this button to view and
modify the information of existing members. This button opens the Team
Member Data form loaded with the information of the first team member
in the team. Users can leave the data as it is, modify any of the
parameters, or delete the whole team member data from the team. This
option does not allow the creation of new team members.

7.2.4 Team Member Data Form

The Team Member Data form (Figure 12) contains all the controls required to define a
team member. The controls are divided in three panels: Team Member Identity, Team
Work, and Job Skills. In addition to these panels, this window contains four buttons:

Next Member button — this button saves the data from the current team
member and loads the data from the next one. This button is only enabled
when the form is open to modify team member’s information.

Save button — if the form is open in the “add new member” mode, this
button creates new team member data, based on the current form data and
adds it to the team data, then closes the Team Member Data form and
returns to the Team Definition form. If the form is open in the “modify”
mode, the button just saves the information from the current team member
displayed and closes the form.

Cancel button- closes the form and the current data is lost.

Delete button- This button is only enabled when the form is open in the
“modify” mode. When activated, this button deletes the data of the team
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member displayed from the team information, and then loads the next
member information (or the previous one if the deleted member was the

last).
|£] Enter Team Member Data S SR8 SR 2P . & | =
Team Member Identity Skills Set
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| SAVE | CANCEL | DELETE

Figure 12: Team Member Data Form

The Team Member Identity panel contains the controls to define the identity and role of
the team member. The controls contained in this panel are:

Member ID textbox — to enter the name or ID of the team member.
Member Position listbox — to select the position of the team member from
the list previously defined.

. Member Supervisor listbox — to select the name or ID of the team member
supervisor from the team members already defined. If left blank, the
application will assign the team leader.

) Team Leader checkbox — if selected, indicates that the team member is the

leader of the team.

In the Team Work panel, users define their experience with the team and the

teamwork skills of the team member. The Job Skills panel creates a group of

radial buttons, containing the possible skill levels for each job skill
previously defined.
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7.3 Enter the Job Data

A job is defined in the Define Job Environment form shown in Figure 13. Users need to
enter:

1. Job Information
2. Job Tasks
3. Job Structure

L DEFINE ENVIRONMENT e o= o

Job Definition

Job Information

Job Identifier (*)  |Job1 Date Line |3000
= G 0.18
Release Time 0 Permissible Delay(#)
{#) A decimal value between 0 and 1
Define Job Tasks (4 Define Job Structure [¥
Current Job Size |‘1 0 Current Number of Dependencies I"I 3
| Add New Task | | Add New Dependencies |
| Modify Tasks | | Modify Dependencies |
| Create New Job | | View Previous Job | | View Next Job !
L
| Save Modifications to Current Job | | Delete Current Job |
(*) Required fields. Enter Job ID first. il
Current Job
CURRENT JOB STATUS:
. Current Job # |1

Information Modify?
Modifications Save? Total Jobs Saved |1_

Save Environment ‘ | Load Last Environment | ‘ Close Form ‘

Figure 13: Define Job Environment Form
This form has the following controls:

e Job ID textbox — used to enter a name or ID for the job or mission.

e Date Line textbox — used to enter the date line of the job.

e Release Time textbox — used to enter the time the job will be available to
the team for processing.

e Permissible Delay textbox — used to enter a percentage (enter as a decimal)
of the date line or original estimated finish time that the job could be
delayed.
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Define Job Task Panel:
0 Job Size Indicator — displays the current number of tasks defined

for the job.

0 Add Task button — opens the Task Data form used to define a new
task.

0 Modify Task button — opens the Task Data form to modify tasks
already defined.

Define Job Structure Panel — has controls similar to the Define Job Tasks
Panel, with the ability to enter the job dependencies. The Add New
Dependencies & Modify Dependencies buttons opens the Task
Dependencies form.

Create New Job button — this button creates a new job in the job array and
clears the form.

View Previous Job & View Next Job buttons — used to navigate the job
array and modify previously defined jobs.

Save Modifications To Current Job — this button saves the modifications
made to the job currently displayed. No changes are saved if the user does
not press this button.

Delete Current Job — this button deletes the job currently displayed.
Current Job Panel — this panel indicates to the user the number of total
jobs in the job array and the position in the array of the current job. Also,
has an indicator for the user to let them know if any modification has been
made to the current job and if the changes have been made.

Save Environment button — this button saves the job array and creates a
file with the job array information for later used during the simulation.
Load Last Environment button — this button loads the last job array saved
in the file.

Closed Form button — closes the form without saving the information
added or changes to the job array file to be used by the simulation.

The Task Data form (Figure 14) has three main sections: Define Task
Characteristics, Task Duration, and Skill Requirements. In addition has
four control buttons: Save & Return, Next Tasks, Closed Form (without
saving), Delete Task.
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Figure 14: Task Data Form
The Define Task Characteristics contains the following controls:

Task D textbox — to enter the name or ID of the task.

Task Complexity listbox — to pick the task complexity level.

Task Priority textbox — to enter the priority of the task.

Assigned Agent listbox — to pick the team member responsible to execute
the task from a list.

The Task Duration panel contains three textboxes to enter the minimum, mean, and
maximum duration parameters of the task. The Skills Requirements Panel contains an
array of radio buttons to check all the skills required by this task. The skills were
previously entered at the team definition.

The Define Job Structure form (Figure 15) is used to enter the dependency relations of a
job. The Dependency Tasks panel contains two listbox controls to pick the predecessor
and successors tasks in the dependency. The Dependency Type panel has the listbox
controls to pick the dependency type and execution type. If the dependency type is
“information,” the Information Object combo box is used to enter or pick the information
object. The Condition ID combo box is used to enter or pick an identifier for the
condition in case the execution type is “conditional” or “single conditional.” In the case
of a “conditional” execution type, the Condition ID value should be the same for all
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dependencies of the condition. Also, the values entered in the Probability textbox should
add to one.

(2] =
Depencency Tasks
Consult 2 Consult =l
Predecessor Task Design = Successor Task Design =
Preparation il Preparation L
Purchase Bt Duecha i
Dependency Type
GONTROL SEQUENTIAL Infocmetion Ohjack -
Dependency Type INFORMATION SEQUENTIAL
IRECIPROCAL |
DETERMINISTIC Condition ID =
CONDITIONAL
Execution Type SINGLE CONDITIONAL P
Probability | 1.0
Merge Parameters
‘ Save & Return | | Next Dependency | Merge Dependency? [
‘ Close Form | | Delete | Merge ID | =

Figure 15: Define Job Structure Form

The Merge Parameters panel is used in case the dependency ends in a merge with others.
In those cases, the Merge Dependency checkbox should be checked, and the merge
identifier picked or entered using the Merge ID combo box. The control buttons works in
the same way as in the Task Data form.
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8.0 SIMULATION PARAMETERS

The simulation parameters are not part of the scenario definition but could have an
impact on the simulation realness and performance. Two types of parameters are used by
the model: Random Behavior Parameters and Communication Parameters.

8.1 Random Behavior Parameters

The Random Behavior Parameters shape the behavior and decision-making of the team
members. The behavior is defined by the use of a base value and a modifying value for
each parameter that interacts with other characteristics of the team member and the team.
The form to modify the Random Behavior Parameters is shown in Figure 16. These
parameters are the following:

Share Mental Model Factor — defines the probability that the information in
each team member’s mental model agrees with the reality of the team and job
scenario.

Probability of Decision Allocated to Leader — defines the probability of a
team member referring to the team leader for a decision. This parameter is
influence by the Centralization level of the team.

Probability of Unsolicited Communication — defines the likeliness of a team
member sending information to another team member without that team
member requesting.

Probability of Task Error — defines the probability that a team member
commits a mistake during the execution of a task that requires the use of
rework. This probability is influenced by the skill fit of the team member
with the task.

Probability that the Transferred Information is Useful — defines the
probability that the information sent by a team member will be useful to
another agent.

Time to Wait for Requirements — defines the time a team member will wait
for the requirements of a task before requesting the information.
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Share Mental Model Factor
Base Value o8 | Modifying Value (0.1 |

Probability of Decision Allocated to Leader
Base Value [o.5 Modifying Value [0.25 |

Probability of Unsolicited Communication
Base Value 0.7 | Modifying Value [0.15 |

Probability of Tazk Ermor I
Base Value 0.2 Modifying Value |0.15

Probability that Transfered Information iz Useful
Base Value |0.?5 | Modifying Value IO.‘I

Time to Wail for Requirements
Min |30 | Most Likely |60 | Max 90 |

| UPDATE & CLOSE | | CANCEL \

Figure 16: Random Behavior Parameters Form

8.2 Communication Parameters

The Communication Parameters control how the team members communicate with each
other including the media definition. The form to define the Communication Parameters
is shown in Figure 17. These parameters are:

e Probability of Using Synchronous Communication — describe the likeliness
of a team member preferring the use of a synchronous media to send a
message versus an asynchronous one.

e Media Preferences — define the media to use for each message classification.
A “variable” value is recommended.

e Define Media — the “Add Or Modify Media” button opens the form shown in

Figure 18, this form is used to define the properties of Communication
Media.
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r 1
|£| Communication Parameters s . é@g

Communication Parameters Media Preferences
Message Classification

INTENT CONTENT MEDIA

® Use Synct c icati r
Send ‘ Information |
Based Value 0.5 Variable
Send ‘ Decision | phone
ifyi 0.1

@ Use Asy G

Modifying Value
borof o Request ‘ Information | -
[Variable =
Request ‘ Decision | phone -
Define Media - - =
i hone =
Current Num Asynchronous Media D Request ‘ Action | =
el Wi Sy N k] | UPDATE &CLOSE |

ADD OR MODIFY MEDIA |

| CANCEL |

Figure 17: Communication Parameters Definition Form

| | £| Define Communication Media L ==
-Me dia Definition Time To Create
Media Name phone MIN Most Likely MAX
[NotUsed| [NotUsed | |MNotUsed |

Time To Deliver

UseFrequency [05 |
0.9

MIN Most Likely MAX
Reliability [1 | [ | [2 |
£ Asynchronous Communication Duration
Media T
=AY ?Eemﬁh:mm MIN Most Likely MAX
2 [ | [ |
| NEW | | NEXT | |?stous| | DELETE |
| SAVE & CLOSE | | SAVE CHANGES | | CANCEL |

Figure 18: Form to Define the Communication Media
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9.0 RUNNING THE SIMULATION

9.1 Simulation Options

The Smulation Options form (Figure 19) provides the following controls:

1.
2.

3.

SN

Time Units — currently inactive.

Number of Replications — controls the number of consecutive replications to

be executed.

Random Generators Seed Controls — allows changes to the seeds used by the
random numbers generators. The “Test Seed” buttons test the cycle length and
the average of the seed. The seed is recommended if the cycle is greater than
10,000 numbers and the average is within 5 percent of 0.5.

Update Button — saves the changes made to the controls and closes the form.
Cancel Button — closes the form without saving the changes made to the

controls.

|| B ||

Time Units

Replications

‘.".‘; Minutes Number of Replications 1 ‘ﬂ

Replications Time Limit

Random Generators Seeds

Random Generator #1

Random Generator #2

Random Generator #3
Random Generator #4

Random Generator #5

17379195 |

st |
[EECEA|

773 |

[ Testseea |
[ Testscea
| TestSeed

[t |
[iotsos |

| Next Set of Seeds

| UPDATE |

| CANCEL |

Figure 19: Simulation Options Form

9.2 Running the Simulation

After defining the team and the jobs, and setting up all the parameters, press the “Run
Simulation” button in the Main Menu form (Figure 10) to run the scenario. While the
simulation is running the Replication Status Display (Figure 20) will appear in the screen.
This display shows the replication number and events indicating the start and end of each
replication.
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|£| Replication Status PN

-

Replication Information
[1]

[0] Replication is Initializing
[0] Replication start

[70] TASK PROCESS END: ActivateIMT ENDS at time 70, done by Age
[98] TASK PROCESS END: SetupITMRoom ENDS at time 98, done by

]'_‘1_23]_1'_ASK_ERI[RESS_EMD' -1 ENDS ‘at time 123 ﬂn‘n ‘
1 1] [

Event:

Tl

4

| SHOW SIMULATION LOGS | |  STOP SIMULATION |

Figure 20: Replication Status Display
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